We have used numerical micromagnetics for the calculation of the magnetic (small-angle) neutron scattering cross section of nanocomposites. The novel aspect of our approach consists in the possibility to study the applied-field dependence of the individual contributions to the total magnetic scattering. Such a micromagnetic tool ideally complements neutron experiments in which one generally measures only a weighted sum of the Fourier components of the magnetization. The procedure furnishes unique and fundamental information regarding the magnetic microstructure and corresponding magnetic scattering from nanomagnets. In particular, our simulation results explain the recent observation of dipolar correlations in two-phase nanocomposites and provide an answer to the question of the explicit dependence of the magnetization Fourier coefficients on the scattering vector.
not represent the pure nuclear SANS, but contains also the magnetic SANS due to the misaligned spins [16] .
In this Letter, we report the results of full-scale three-dimensional micromagnetic simulations of the magnetic SANS cross section of magnetic nanocomposites. Both numerical micromagnetics [17] and magnetic neutron scattering are well developed and established methods which are widely employed for studying magnetism in solid-state physics. As we will show in the following, it is their combination which provides new insights into the fundamentals of magnetic SANS and, thus, into the magnetic microstructure of nanomagnets.
In particular, the decisive advantage of this approach resides in the possibilitiy to study the contributions of the individual Fourier components of the magnetization to dΣ/dΩ-rather than their combination-and relate them to the underlying magnetic microstructure.
This sheds new light on the ongoing discussion regarding the explicit momentum-transfer dependence of dΣ/dΩ [18] . The micromagnetic computations have been adapted to the microstructure of the iron-based two-phase alloy NANOPERM for which experimental data exist [19] .
Details of the micromagnetic algorithm.-In our micromagnetic model we have taken into account the four standard contributions to the total magnetic energy: external field, (uniaxial) magnetic anisotropy, exchange and dipolar interaction energies. The two-phase nanocomposite microstructure, consisting of magnetically "hard" iron-based particles embedded in a magnetically "soft" amorphous matrix, was generated by employing an algorithm described in Ref. [20] . The simulation volume (= sample volume) is a rectangular box of size 125×380×380 nm 3 , which was discretized into N = 10 5 mesh elements. The average size of a "hard" inclusion (nanocrystal) is D = 10 nm (as in NANOPERM [19] ), whereas the mesh size used to discretize the "soft" phase is two times smaller. This discretization scheme then limits the accessible range of momentum transfers (via the sampling theorem) tomax ∼ = 1 nm −1 . The volume fraction of the nanocrystallites is x C = 40 %, corresponding to about 8000 nanocrystals in the simulation volume. Materials parameters for hard Magnetic SANS cross section.-For the most commonly used scattering geometry in a magnetic SANS experiment, where the applied magnetic field H e z is perpendicular to the wave vector k 0 e x of the incident neutrons, the elastic magnetic SANS cross section dΣ/dΩ for unpolarized neutrons can be expressed as [2] dΣ dΩ (q) = 8π
V is the scattering volume, b H = 2.699 × 10 −15 m/µ B (µ B : Bohr magneton), c * is a quantity complex-conjugated to c, θ denotes the angle between the scattering vector q and H, and M (x,y,z) (q) are the Fourier transforms of the magnetization components M (x,y,z) (x). Note that in the small-angle limit and for this particular geometry q ∼ = q (0, sin θ, cos θ). Since the focus here is on magnetic spin-misalignment scattering, we have ignored the nuclear SANS.
Results and discussion.- Figure 1 CT is multiplied by sin θ cos θ, the corresponding contribution to the total dΣ/dΩ becomes positive-definite for all angles θ. Therefore, and contrary to the common assumption that the CT averages to zero for statistically isotropic polycrystalline microstructures, the CT appears to be of special relevance in nanocomposite magnets.
displays projections of the functions
The finding that | M x | 2 and | M z | 2 are isotropic and that | M y | 2 = | M y | 2 (θ) provides a straightforward explanation for the experimental observation of the clover-leaf anisotropy in the SANS data of the alloy NANOPERM [19] . Our simulation results for the difference Fig. 2 ) agree qualitatively well with the experimental data [20] . Note also that clover-leaf-type anisotropies in dΣ/dΩ have been reported for a number of other materials, including precipitates in steels [16] , nanocrystalline gadolinium [21] , and nanoporous iron [22] . The maxima in | M y | 2 depend on q and H, and on the magnetic interaction parameters and may appear at angles θ significantly smaller than 45
• , e.g., at θ ∼ = ±30
• (compare Fig. 3 ).
As qualitatively discussed in Ref. [19] , the appearance of the clover-leaf anisotropy in dΣ/dΩ is related to the particular θ dependence of M y , which is imparted by virtue of the magnetodipolar interaction [23] . In fact, up to now, the physical origin for the existence of the clover-leaf in the magnetic SANS cross section was merely discussed in relation to the jump ∆M in the magnetization magnitude at the interface between the Fe particle and the amorphous magnetic matrix (∆M ∼ = 1200 kA/m for NANOPERM [19] ). This jump in magnetization gives rise to an inhomogeneous magnetodipolar field which decorates each nanoparticle and which causes nanoscale spin deviations within the matrix in the vicinity of each nanoparticle. As an illustration, Fig. 4 displays the real-space magnetization distribution around two nanoparticles. The symmetry of the spin structure replicates the symmetry of the CT (compare to Fig. 1 ). In the presence of an applied magnetic field the stray-field and associated magnetization configuration around each nanoparticle "look" similar (on the average), thus giving rise to dipolar correlations which add up to a positivedefinite CT contribution to the magnetic dΣ/dΩ. and which look similar to the structure shown in Fig. 4 . This observation strongly suggests that the origin of the clover-leaf pattern in dΣ/dΩ of nanomagnets is not only related to variations in magnetization magnitude but also due to variations in the magnitude and direction of the magnetic anisotropy field.
Summary and conclusions.-Using a recently developed micromagnetic simulation methodology we have computed the magnetic small-angle neutron scattering (SANS) cross section dΣ/dΩ of a two-phase nanocomposite. This approach allows one to study the applied-field dependence of the individual scattering contributions to dΣ/dΩ, in contrast to experiment, where generally only a weighted combination of the magnetization Fourier coefficients is measured. It is this particular circumstance, in conjunction with the flexibility of our micromagnetic package in terms of microstructure variation (particle size and distribution, materials parameters, texture, etc.), which makes us believe that the approach of combining full-scale three-dimensional micromagnetic simulations with experimental magnetic-fielddependent SANS data will provide fundamental insights into the magnetic SANS of a wide range of magnetic materials. As we have demonstrated for the example of the iron-based two-phase alloy NANOPERM, we were able to explain on a deeper level the physical origin of the recently observed clover-leaf angular anisotropy in the magnetic SANS cross section.
As a quite general result, our micromagnetic simulations suggest that magnetodipolar correlations (and the associated clover-leaf-shaped pattern in dΣ/dΩ) are of relevance for all bulk magnets with inhomogeneous magnetic interaction parameters.
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Materials parameters of NANOPERM were used (see text). Pixels in the corners of the images have q ∼ = 0.8 nm −1 . Logarithmic color scale is used. In the first three columns from left, red color corresponds to "high" and blue color to "low intensity"; in the fourth column, blue color corresponds to negative and red color to positive values of the CT . and random variations in easy-axis directions from particle to particle. All other settings are as in Fig. 1 .
